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Abstract: The paper will provide an insight into enhanced collaborative decision making being conducted in adverse 
weather conditions in a simulated Oslo Airport environment within the framework of Total Airport Management 
research as it is being conducted by Europe’s ambitious Single European Sky ATM Research program (SESAR2020) as 
project PJ.04. SESAR 2020 is operated in two defined program waves, wave 1 covering the years 2016-2019 and wave 
2 following until 2022. The paper will focus on a set of two out of seven V2 level validation exercises that are 
conducted in wave 1 of PJ.04’s Solution 2 (PJ.04-02), addressing concepts for Collaborative Airport Performance 
Management. 
The key aim of PJ.04-02 is to develop procedures, mechanisms and tools to support stakeholder groups that are 
cooperatively conducting airport operations, providing enhanced multi-stakeholder decision support especially in 
adverse conditions, such as bad weather, strikes, or unforeseen events such as runway blockages. In the Oslo Airport 
environment extreme snowy winter conditions are a major reason for performance degradation of airport operations. An 
enhanced integration of stakeholder actions and collaborative operations planning is expected to provide performance 
benefits. The philosophy of Collaborative Decision Making advocated by SESAR is that of ‘consensus’ building 
amongst the different airport stakeholders through a common impact assessment and a structured solution finding 
process with a mutually agreed solution. The goal is to have shared situation awareness and a collaborative problem 
solving approach leading to better, earlier and therefore more stable solutions. Orchestrated by a moderator, the so-
called APOC supervisor, the global impact assessment is supported by each stakeholder assessing the impact on their 
own operations, documented in an electronic Impact and corresponding Solution Message. 
The validation and assessment of the underlying conceptual approach to collaborative airport performance management 
in adverse conditions requests for an artificial airport environment. In contrast to a live environment the simulated 
reality allows for any necessary changes in weather situation, traffic patterns or support system composition. The target 
level for the validation experiments is E-OCVM V2, requiring the simulators to allow for an operational concept 
feasibility assessment while providing simulation of all airport processes under consideration. APOC stakeholders’ 
support systems and interconnected airline operation back offices need to be connected to the central simulation 
database, ideally by standardized interfaces. 
The objective assessment of benefits credited to specific operational improvements under consideration of the 
validation exercises PJ.04-02.V2.04 and PJ.04-02.V2.09 requires a stepwise approach in which the functionality and 
system complexity is consecutively enhanced. The baseline was represented by the results achieved by SESAR 1, 
providing an APOC and basic processes and support system functionality. The functionality of the V2.04 setup 
reflected the SESAR 2020 solution regarding advanced decision support, providing dynamic Total Airport Demand and 
Capacity Balancing alongside a guided enhanced collaborative decision making process and enhanced meteorological 
forecasts by weather alerts. The V2.09 solution setup provides enhanced information support by further enhancing the 
functionality by provision of sophisticated operational and performance dashboard information, taking into account 
probabilities for additional diverted traffic. Two exercise simulation runs were executed for each setup, subjecting the 
Oslo operators with different meteorological phenomena and resulting operational challenges. 
The PJ.04-02 validation objectives were broken down into exercise specific objectives, allowing for an impartial 
feasibility assessment based on objective metrics and qualitative human performance criteria. Preliminary exercise 
analysis results indicate a well-received conceptual approach, the stepwise functionality enhancement complying with 
benefit increase expectations. 
Keywords: SESAR, Total Airport Management, Collaborative Airport Performance Management, Collaborative 
Airport Decision Making, Validation, PJ.04 
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1. Introduction 
 
The SESAR (Single European Sky ATM Research) 
program is one of the most ambitious research and 
development projects ever launched by the European 
Community. It was previously introduced in [4]. 
The SESAR 2020 work program is the successor of the 
previous SESAR 1 activities and will be operated in two 
defined program waves [5-7], wave 1 ending at the end 
of 2019 with wave 2 seamlessly starting up and until the 
end of 2023. SESAR 2020 governs more than twenty 
research and demonstration projects in four key areas, 
airport and network operations, air traffic services and 
technology enablers. 
 
1.1 Total Airport Management Research 
Total Airport Management (TAM) has a research history 
of more than twenty years. Foreseen in the beginning as 
a multi-modal airport management approach [8], DLR’s 
research focused on airside, landside and the combined 
approach in varying projects [9-14]. 
When SESAR started to address TAM research nearly a 
decade later, a focus on airside processes [15-17] had to 
be taken to not overlap with ground based transport 
research being conducted by the European 
Commission’s other research programs. 
Complementing the research on TAM, various DLR 
projects focused on evaluation and validation techniques 
of how to measure the benefits credited to TAM and 
how to build and operate adequate research 
environments [18-23]. DLR’s work resulted in a 
simulated airport environment where all relevant 
parameters (e.g. traffic samples, weather impact, 
resource availability) can be fully controlled [24-27]. 
This is used to study conceptual questions and, 
becoming more important due to the collaborative 
approach between various stakeholders interacting in the 
Airport Operations Center (APOC), psychological 
aspects [28-30] by Human-in-the-Loop techniques. 
 
1.2 The PJ.04 Total Airport Management Industrial 
Research Project 
The research described in this work was conducted 
under the framework of the SESAR 2020 industrial 
research project PJ.04 Total Airport Management which 
is structured into the two Solutions “Enhanced 
Collaborative Airport Performance Planning and 
Monitoring” (Solution PJ.04-01) and “Enhanced 
Collaborative Airport Performance Management” 
(Solution PJ.04-02). Solutions are projects that cluster a 
set of operational improvements in a dedicated research 
domain. The work program of the later was previously 
presented in [1] in more detail, the work laid out in this 
article contributes to PJ.04-02. 
The work carried out by PJ.04-02 has to follow 
established processes and guidelines prescribed by the 
SESAR Joint Undertaking (SJU) [31-33]. Projects are 
expected to provide evidence of their claimed 
development success (concept and/or prototypes) by 
conducting validation activities. These follow the 
European Operational Concept Validation Methodology 
[E-OCVM; 34, 35]. Having achieved a progressed 
project phase, PJ.04-02 is expected to provide evidence 
for its V2 maturity (proof of operational feasibility) at 
the end of its project’s lifecycle. This guides the 
approach of the experimental designs required to gather 
all necessary evidences. 
 
1.3 Solution PJ.04-02 Enhanced Airport 
Performance Management 
The Solution PJ.04-02 addresses four Operational 
Improvements (OIs, see Figure 1) in the Airport 
Operations (AO) domain. 
The main goal of the solution is to provide conceptual 
and technical building blocks to enable better 
collaborative management of airport processes and thus 
support the optimization of the airport’s performance, 
especially in adverse weather conditions. 
Figure 1 Addressed Operational Improvements in Solution PJ.04-02 
 
Five V2 validation exercises were executed in PJ.04-02, 
each contributing to aspects of one or more of these OIs. 
The work that will be presented in this publication was a 
part of a combined validation activity and bundled the 
exercises PJ.04-02.V2.04 and PJ.04-02.V2.09. The 
intention was to address the transversal functionalities 
collaborative decision making (CDM) and total airport 
demand-capacity balancing (TADCB) in the context of 
AO-0814 “Enhancement of Airside/Landside 
Performance Management” and AO-0819 “Pro-active 
management of meteorological impacts on the Airport 
Operations Plan”. 
 
2. Deficiencies and Research Challenges 
 
Based on what was considered as deficiencies of the 
current state-of-the-Art in airport operations 
management, the publication [4] introduced the general 
research and development needs and scientific 
challenges of the PJ.04 project. These have been broken 
down into more specific and focused questions, as so-
called validation objectives, and documented in the 
Validation Plan (VALP [2]), where each exercise laid 
out its plan of what it will address, how it is executed 
and how results will be captured for further analysis. 
Derived from the high level objectives were several 
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main topics that the exercises addressed and of which 
exercises V2.04 and V2.09 contributed to the below 
cited three topics [2, p. 33]: 
 “The pro-active management of meteorological 
[edit: MET] impacts on the AOP [edit: Airport 
Operations Plan] addresses two key issues to 
support pro-active management, the translation of 
MET information into impacts and the 
quantification of their likelihood (predictability). 
Therefore, the focus of the MET contribution will 
be on the integration of tailored MET information in 
the ATM [edit: Air Traffic Management] and 
airport management processes comprising 
information on MET forecast uncertainty. Impact 
assessment can then be derived including user 
specified probability thresholds on severity and 
duration…” 
 “Collaborative procedures and associated predictive 
and decision support tools have to be developed in 
order to support airport, AU [edit: Airspace User] 
(…) and ANSP [edit: Air Navigation Service 
Provider] stakeholders to anticipate, understand and 
collaboratively manage large scale disruptive 
adverse events…” 
 “A continuous balance between Demand and 
Capacity within all relevant operational areas of the 
airport has to be achieved mainly through the pro-
active assessment of the available total airport 
capacity, the comparison of the available capacities 
with the most up to date demand information, the 
pro-active identification of imbalances and the 
affected timeframe, trajectories, location of the 
imbalance…” 
 
2.1 Research Challenges 
Identifying the existing research challenges from [1] that 
are applicable to the above topics resulted in Table 1, 
which is an excerpt from [1] under preservation of the 
original challenge ID numbers. These six challenges 
were addressed by the exercises V2.04 and V2.09. 
Beyond these research challenges an additional 
challenge for the exercise setup was to provide an 
environment where the anticipated improvements can be 
sufficiently measured by enabling the stakeholders to 
conduct airport management in the APOC, following the 
concept defined in the PJ.04-02 Operational Service and 
Environment Description (OSED) concept document [3]. 
A balance had to be found between a microscopic 
simulation covering all miniscule airport processes, 
sufficient granularity to achieve effects, effort available 
in the project for this purpose and the expectations that 
exist for a V2 level exercise. The outcome was a 
Human-in-the-Loop exercise as all the collaborative 
management procedures are human centered and 
analysis how the operators collaborated was one focus 
research interest. The exercise design team was tasked to 
ensure that the exercise allowed finding answers to the 
identified five challenge questions and required 
evidences for the anticipated improvements and 
therefore prepared a two-way approach. 
First, the environment needed to provide “sufficient” 
system support for decision-making in a multi-
stakeholder environment and to allow holistic airport 
resource planning and plan implementation. “Sufficient” 
itself is not sharply defined, and for the project based on 
taken assumptions derived from the concept work, 
discussions with operational experts and technical 
implementation aspects. Support systems were 
developed by contributing industrial project partners and 
by DLR, as part of the provided simulation environment. 
To capture results, data logging was incorporated into 
the tools and the simulation environment systems. 
Secondly, the challenges had to be considered from a 
human operator point of view since the answer ‘if 
something is sufficient from an operator point of view’ 
can only be provided by the operator. Therefore, 
answers can only result in individual and subjective 
impressions, given by the operators. Adequately 
capturing these required the design of customized 
questionnaires in addition to the usual standard 
questionnaires. 
 
2.2 Validation Objectives, Success Criteria and 
Metrics 
During the design of the exercise a set of four exercise 
validation objectives has been created by the exercise 
team and documented in the V2.04 and V2.09 exercise 
section of the VALP [2]. These objectives were derived 
from the above three main topics and formulated in a 
way to make the challenges tangible and measurable: 
CH# Challenge Name Derived Improvement 
1 Insufficient system support for multi-stakeholder decision making. Improve resource management efficiency and capacity utilisation. 
3 
Collaborative decision making procedures inadequate for current 
State of the Art (SoA). 
Improve resource management efficiency, better collaboration, and 
better workload management in adverse conditions. 
5 
Insufficient system support for the translation of MET events into 
ATM impacts. 
Improve resource management, capacity utilisation, predictability and 
stability. 
6 
Collaborative decision making procedures inadequate for current 
SoA. 
Improve resource management, better collaboration, better workload 
management in adverse conditions. 
14 
Insufficient system support for a holistic airport resource planning 
and plan implementation. 
Improve capacity utilisation, resource management, predictability and 
stability. 
Table 1 List of PJ.04-02 Challenges and anticipated derived Impacts addressed by Exercise PJ.04-02.V2.09 (excerpt from [1]) 
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 OBJ-04.02-V2-VALP-EXE4.0010 
Validate that MET impacts on the AOP are pro-
actively managed by decision support tools that can 
assess the impact of the likelihood, intensity, 
duration and impact of the occurrence of key 
meteorological conditions. 
 OBJ-04.02-V2-VALP-EXE4.0020 
To validate that Total Airport-DCB leads to 
improvements in predictability, environment and 
more efficient use of available capacity especially in 
reduced capacity situations as it holistically 
balances between demand and available capacity. 
 OBJ-04.02-V2-VALP-EXE4.0030 
To validate that the incorporation of rationalized 
support and visualization tools for A-CDM impact 
assessment (dash boards) and associated decision-
making processes provide all relevant information 
to achieve benefits in flexibility, efficiency and 
capacity. 
 OBJ-04.02-V2-VALP-EXE4.0040 
To validate that the level of development of the 
technical enabler METForTAM Service is sufficient 
in terms of interoperability requirements. 
These four have been complemented with one or more 
success criteria to allow for a clear assessment if the 
objectives are met or not. An exhaustive list is in [2]. 
For example, the validation objective 
OBJ-04.02-V2-VALP-EXE4.0010 was assessed by 
checking the measured success of the two criteria 
“CRT-04.02-V2-VALP-EXE4-0010 Specific tools for 
met impact assessment can predict effects of MET 
situations on capacity and demand based on a set of 
rules predefined by operational knowledge and analysis.” 
and “CRT-04.02-V2-VALP-EXE4-0011 Decision 
support tools taking into account MET impact 
assessments in adverse weather conditions trigger 
appropriate pro-active CDM actions by the airport 
stakeholders.”. Both criteria were assessed based on 
questionnaire feedback by the participants. 
To assess the criteria, applicable subjective and 
objective metrics have been selected or developed. For 
example for criterion CRT 04.02 V2 VALP EXE4 0010 
a bespoke questionnaire had been developed. 
 
3. Setup of Exercises 
 
The setup of the exercises had several dimensions, 
scenarios, operators, environment and procedures. 
Central to the exercise was DLR’s ACCES facility [36, 
37] providing a physical implementation of the concept 
element multi-stakeholder communication and 
collaboration platform Airport Operations Center 
(APOC) along with an appropriate set of stakeholders 
that interacted via various communication channels, 
supported by the simulation environment and the 
integrated tool suites. They followed the conceptually 
prescribed CDM process and managed airport operations 
in different research scenarios that targeted a simulated 
Oslo OSL airport environment. 
 
3.1 Research Scenarios Oslo 
The exercise conducted a series of real-time simulation 
runs, covering Oslo Gaerdemoen airport (OSL). The full 
cycles of aircraft operations from outstation departure, 
final to landing, taxi and turnaround and back to 
departure and outstation were simulated. Air traffic Flow 
and Capacity Management (ATFCM) was included. 
Thereby regulations for Oslo airport could have been put 
in place leading to delayed departures at the outstations.  
The essence was to study the effects of strong wind and 
winter weather situations related impacts on airport 
operations, more specifically the turnaround planning 
and management part in the APOC, using a Total 
Airport Demand/Capacity Balancing approach. 
Oslo was chosen since the operations are heavily 
affected by adverse weather such as extreme snow fall. 
The tools developed in SESAR have a high potential to 
improve operations under the Oslo conditions. 
The scenarios are real flight plans of a full operating day 
in Oslo (depicted in Figure 2, x-axis shows hours of the 
day, y-axis number of movements, 60 is the declared 
capacity). Decisions taken by the APOC resulted in 
modifications to this original distribution due to e.g. 
closures because of weather or cascade effects by late 
arrivals implying later occurring departures. Generally, 
traffic demand was below declared capacity, but when 
the weather impacts came into effect, the available 
capacity was reduced, e.g. in heavy snow only 20 
movements per hour are possible. 
 
3.2 APOC Stakeholders 
The exercise placed five different operators from three 
stakeholder groups in the APOC, consisting of two 
ground handler station managers acting as airspace user 
representatives, one representative from the local ANSP 
and two representatives from the local airport, whereas 
one acted as the APOC supervisor. 
Figure 2 Traffic demand patterns used in the exercises 
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Additionally, three airspace user stakeholder operators 
where placed in a nearby room, where they represented 
two airline operation centers (AOC). Figure 3 depicts 
this setup. Communication between APOC and AOCs 
was possible through electronic means (chat- messages, 
phone system), while within the APOC in addition the 
direct verbal channel was encouraged. 
The different stakeholders have appropriate roles (again 
defined in the VALP [2]).  
 The APOC supervisor oversaw and coordinated the 
planning process and actions among the other 
stakeholders. The APOC supervisor role usually is 
expected to be filled by an airport representative. 
 The Air Navigation Service Provider (ANSP) 
stakeholder was responsible for the runway 
management, pre-departure sequencing and defined 
the actual runway capacity during the degraded 
conditions in the scenario. 
 The airport representative in this exercise conducted 
stand/gate allocation planning and management. 
 The two ground handlers (abbreviated GH in Figure 
3) were responsible to manage the turnaround 
processes, controlling handling capacities and they 
acted as local representatives on behalf of the 
airlines, communicating with the airline 
stakeholders. 
 The airline stakeholders were located remote, 
represented the Airline Operations Centers (AOC) 
and worked as flight dispatchers being responsible 
for managing flight rotations flight plans. 
In most APOCs a representative of the local 
meteorological service provider ensures the timely 
delivery of MET information and partially the expected 
impacts on operations. For the purpose of the exercise, 
this role was replaced by a combination of the enhanced 
MET tools and a simulation exercise staff member, since 
the MET information provided during the exercise was 
predefined and the MET stakeholder did not actively 
engage in the decision finding process. 
The different stakeholder participants in the exercise 
were provided with different systems, according to their 
role and responsibility in the APOC and exercise. 
3.3 Simulation Environment 
The simulation environment consists of the hardware 
(e.g. monitors, keyboards, computers, phones, tables, 
chairs), user interfaces and various simulation software 
components. 
The user interfaces of the various positions are depicted 
in Figure 5 [25]. The software has been built by the 
industrial partners (shown in light boxes) and by DLR 
(shown in dark boxes). The acronyms are placeholders 
for the following software components: 
 GUP – Ground Unit Planner (DLR) used by the 
ground handler to plan turnaround processes and 
allocate their teams; 
 ARP – Aircraft Rotation Planner (DLR) used by the 
airspace user operators to plan aircraft operations; 
 SAP – Stand & Gate Allocation Planner (DLR) 
used by the airport S&G planner; 
 PDS – Pre Departure Sequencer (DLR) used by the 
ANSP representative as part of the A-CDM 
functionality; 
Figure 3 APOC stakeholder group [2] 
Figure 5 Applications used in the APOC exercise 
Figure 4 Exercise simulation components used 
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 CIFLO – NMOC (Network Management 
Operations Center) HMI for Flow Management 
Positions (DLR) and 
 WISADS - Weather Information System for Airport 
Decision Support (LEONARDO). 
The WISADS, diversion prediction and decision support 
tool user interfaces were available to all APOC operators, 
The entire exercise was driven by a sophisticated array 
of simulation components [24, 26, 27, 38, 39] developed 
by DLR (Figure 4). These provided the data for the user 
interface applications and the support systems. 
CHMI is the abbreviation for CFMU- HMI (Central 
Flow Management Unit – a EUROCONTROL network 
manager unit, used by the ANSP) and ETFMS for the 
component that simulated the Enhanced Tactical Flow 
Management System (network traffic) which was used 
by the simulation supervisor to implement network 
capacity constraints requested by the airport 
stakeholders (e.g. to limit the inbound flow). The SWIM 
block (system wide information management) provided 
the standardized interface to the MET tool WISADS. 
The setup further included a DCB-support tool provided 
by the industrial partner SINTEF that structured the 
DCB-process and guided the stakeholders through the 
process itself. A graphical performance dashboard 
provided by Eurocontrol allowed a centralized display of 
main airport key performance indicators (KPIs) and their 
anticipated development over time to foster common 
situation awareness among the stakeholders. The 
prediction of anticipated additional traffic diverting from 
other airports to OSL due to the forecasted weather 
situation was additionally provided by the University of 
Warsaw on behalf of PANSA as an additional tool. 
 
3.4 DCB & CDM Process 
The collaborative decision making process according to 
the PJ.04-02 OSED was designed around the application 
of a series of use cases. The use cases defined sequences 
of activities to be executed by the appropriate APOC 
stakeholders under various conditions and prerequisites. 
It was used to capture the interactions between the 
operators in the APOC when they collaborate to resolve 
situations in a more formal manner. 
While A-CDM and SESAR 1 [40-44] did not prescribe 
how the collaborative decision making process itself 
shall be conducted, the PJ.04-02 approach is a more 
structured one, targeted towards sustainable quality 
decision making routines. 
In SESAR 2020 it was prescribed to use a specific 
modelling tool for operational (NOV) and technical 
(NSV) level process modelling. The tool orients itself 
around the use of the Unified Modelling Language 
(UML, NOV-5 example in Figure 6 and NSV-4 example 
in Figure 7) and expresses interactions between different 
entities in a graphical way. The model charts generated 
can vary from simplistic towards very complex, 
depending on the task and the group of 
stakeholders/entities to involve. 
Consequently, the CDM process itself is a set of nested 
operational sequences modelled by a set of NOV-
activities and is usually started by some external factor, 
for example reception of MET prediction or other event 
information. 
The tool suite provided in the APOC simulation has 
been designed to implement those decision making 
flows, to support the APOC supervisor in initiating the 
most appropriate measures at the required moment and 
to start the discussion and decision making process 
between the relevant stakeholders. Tasks and 
information were exchanged electronically between the 
operators, the results were collected by the APOC 
supervisor and an overall impact assessment 
communicated. Later in the process the mitigation 
decision was communicated similarly, providing the 
agreed solution approach to all involved parties, 
followed by the plan implementation by the stakeholders. 
 
Figure 6 [NOV-5] Generate MET Alert (from PJ.04-02 V2 OSED [3]) 
Figure 7 [NSV-4] Create MET Alert (from PJ.04-02 V2 TS/IRS) 
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4. Execution and Evidence 
 
The validation exercise was executed over several 
consecutive days including multiple sessions for a single 
run. A combination of real-time interactive phases 
combined with fast-time based fast forwarding allowed 
the operators to take decisions over given situations and 
events and then, after the fast forward, see the simulated 
outcomes based on taken decisions. 
After each session questionnaires were provided to the 
participants to obtain feedback used for post-exercise 
analysis and evidence gathering whether or not the 
exercise success criteria have been met. 
The entire exercise was designed as a staged approach 
that involved the proper setting of a baseline result, 
going through a first enhancement evolution (this part 
belongs to the sister exercise PJ.04-02.V2.04 and can be 
considered as an intermediate step, taken to remove risk 
and complexity) and then complementing with the 
second evolutionary step (which equals the V2.09 part). 
This approach was considered necessary to identify the 
different influences brought by the support system 
evolution and increased sophistication. 
 
4.1 Baseline and Solution Runs 
To identify the effects that the introduction of the 
support systems and the concept brought, a baseline 
composition of systems and procedures was defined. 
This was based on previous SESAR 1 project results and 
the anticipated state-of-the-art brought in the future by 
the sister solution PJ.04-01, on which the solution 
PJ.04-02 bases [4]. Two exercise runs were executed for 
each of the three settings, varying between the two 
underlying central weather events that introduced the 
operational problems. 
 
4.1.1 Baseline reference 
The reference scenario assumes an APOC where 
A-CDM processes with current procedures are employed 
as well as an AOP as defined in SESAR 1 [43, 44] is 
operational at the airport. Hence general information 
sharing between stakeholders is established and planning 
information (e.g. the target off-block time - TOBT) is 
exchanged between stakeholders. Demand and capacity 
predictions are not available in an aggregated form. The 
operational procedures regarding bad weather operations 
are the ones currently in use at OSL airport. Weather 
information is available from standard forecast messages 
(TAF, METAR). 
 
4.1.2 Solution step 1: V2.04 
The intermediate scenario comprised an established and 
controlled DCB process to jointly plan the airport 
resources and advanced MET prediction and alerting 
services to allow more precise forecasts and alert 
triggering based on predefined thresholds. A MET 
impact assessment tool supported the APOC operators in 
assessing the operational impact of the predicted 
weather situation and a specialized DCB tool guided the 
stakeholders through the structured DCB process and 
provided additional information on affected KPIs. 
4.1.3 Solution Scenario 2: V2.09 
The target solution scenario featured additionally to the 
previous step a centralized dashboard showing predicted 
demand and capacity curves in a graphical way to easily 
identify hotspots and evaluate the proposed measure to 
mitigate the operational impact. Further, anticipated 
additional demand due to diverted flights from 
neighboring airports due to weather is provided by 
another specialized tool based on analysis of flight plans. 
The CDM process remained established unchanged. 
 
4.2 Evidence Gathering 
The gathering and recording of evidence – the proof that 
the success criteria have been met – was conducted by 
recording the operators’ feedback provided as 
questionnaire responses and by the systems’ abilities to 
record data. While questionnaires provide subjective 
responses, recorded data is an objective mechanism. 
 
4.2.1 Questionnaires 
Literature and state-of-the-art research offers a large 
variety of questionnaires that can be used for a multitude 
of different assessment purposes. Several are considered 
as standard works and some are custom-shaped (bespoke 
questionnaires) for singular purposes. In the exercise 
aspects of human performance, system acceptability, 
performance and operational concept feasibility were 
targeted and the operator responses captured in 
LimeSurvey. 
To assess the human performance aspects of the exercise 
a selection of both types were used, for one the standard 
questionnaires consisting of a subset of the 
EUROCONTROL SHAPE 1  questionnaires [45] SATI 
(SHAPE Automation Trust Index), AIM (Assessing the 
Impact of Automation on Mental Workload), STQ 
(SHAPE Teamwork Questionnaire) and SASHA 
(Situational Awareness for SHAPE), and secondly the 
SUS (System Usability Scale [46]) and bespoke 
questionnaires. 
For example SATI was used to assess answers to “in the 
previous working period(s), I felt that…” 
 Never Sel-
dom 
Some
times 
Often More 
Often 
Very 
Often 
Al-
ways 
1) … the system was useful. 0 1 2 3 4 5 6 
2) … the system was 
reliable. 
0 1 2 3 4 5 6 
3) … the system worked 
accurately. 
0 1 2 3 4 5 6 
                                                          
1 https://www.skybrary.aero/index.php/SHAPE 
Table 2 the exercise SATI questionnaire (extract) 
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As another example, the AIM (in its short form AIM-s) 
was used to ask e.g. for “in the previous working 
period(s), how much effort did it take to…” 
 none very 
little 
little some much very 
much 
extre
me 
1) … prioritize tasks 0 1 2 3 4 5 6 
2) … identify potential 
conflicts 
0 1 2 3 4 5 6 
For aspects addressing acceptability, performance and 
operational feasibility, bespoke questionnaires had been 
designed and used. The numbering scales have been 
adapted from the previously mentioned standard 
questionnaires or, depending on item to be assessed, by 
appropriate replacements. 
Those bespoke questionnaire items were consisting, for 
example, of “H1. The following statements refer to the 
performance during the simulation run you conducted. 
Please indicate your personal opinion.” 
 very 
poor 
poor average good very 
good 
How effective did the team worked 
together in the simulation run? 
1 2 3 4 5 
How well did your team partners 
performed in the simulation run? 
1 2 3 4 5 
and “H4. The following statements refer to the 
performance during the simulation run you conducted. 
Please indicate your personal opinion.”  
 
strongly 
agree 
dis-
agreed 
neither 
agree 
nor dis-
agreed 
agree 
strongly 
agree 
In the simulation run, we 
handled the task with routine / in 
an experienced manner 
1 2 3 4 5 
In the simulation run, we had 
more routine compared to the 
simulation run before / the 
training. 
1 2 3 4 5 
In total more than a hundred questions had been asked 
repeatedly after each completed exercise round and 
scenario execution end. 
 
4.2.2 Objective Data Analysis 
Objective data analysis was based on the recorded 
simulation and tool system data. The recorded data 
encompassed for example the full set of A-CDM event 
data for each flight operation, the updates to various data 
fields (e.g. the TOBT or stand allocation changes), 
allocated resources (e.g. stand allocation plans or ground 
handling crew assignments) or set capacities (for e.g. the 
runway or maximum handling capacities). 
Some of the validation objectives and criteria hinted that 
better collaboration and more sophisticated, adequate 
support tools should manifest an increase in overall 
airport performance compared to the baseline reference. 
Therefore the focus of objective data analysis was put on 
analysis of performance related metrics, e.g. 3- and 5-
minute punctualities, predictability and stability of 
operations/resilience/capacity. 
 
5. Results 
 
This section will present a subset of the overall results 
that the exercise achieved. The inclusion of the complete 
result set would exceed the limits of this conference 
submission. One validation objective is selected as an 
example and along the outcome of the success criteria 
analysis explained. 
To provide a better understanding of the sample size, 
there was one exercise team with seven operational 
experts which consisted of two female (one operational 
expert and a DLR colleague) and six male operators. 
Taking on the example validation objective 
OBJ-04.02-V2-VALP-EXE4.0010 from section 2.2, two 
criteria had been defined to assess the achievement of 
this objective. 
Both where evaluated based on operator feedback to 
bespoke questionnaires and they have the same scales as 
stated in Table 6. 
Scale 0 1 2 3 4 5 6 
 
strongly 
disagree 
disagree 
somewhat 
disagree 
neutral 
somewhat 
agree 
agree 
strongly 
agree 
 
5.1 Criterion CRT-04.02-V2-VALP-EXE4-0010 
The success criterion was formulated as “Specific tools 
for met impact assessment can predict effects of MET 
situations on capacity and demand based on a set of 
rules predefined by operational knowledge and analysis.” 
The operators were asked five questions and responded 
with any appropriate number of the above scale. 
The questionnaire’s answers clearly show in Figure 8 a 
subjective improvement regarding the situational 
awareness with regards to MET events the exercise 
Table 3 the exercise AIM-s questionnaire (extract) 
Table 4 exercise bespoke questionnaire part H1 
Table 5 exercise bespoke questionnaire part H4 (extract) 
Table 6 example scale for bespoke questionnaires for selected criteria  
Figure 8 questionnaire result regarding quality of prediction  
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participants experienced. Situational awareness ratings 
increased subsequently when additional systems were 
provided in first the V2.04 setup and second in the 
V2.09 solution setup. 
While the reference setup in the simulation environment 
already was assessed as “somewhat agree” to the 
positively formulated statements, the introduction of the 
novel support systems boosted it gradually to 
approximately “agree”. 
It was concluded that the criterion CRT-04.02-V2-
VALP-EXE4-0010 was fulfilled. 
 
5.2 Criterion CRT-04.02-V2-VALP-EXE4-0010 
The second exemplified success criterion was defined as 
“Decision support tools taking into account MET impact 
assessments in adverse weather conditions trigger 
appropriate pro-active CDM actions by the airport 
stakeholders.” 
Twelve questions delivered the answer. The questions 
are given in Figure 9 and Figure 10. 
The answers in Figure 9 for the items “The presented 
concept, procedures and tools facilitated a quicker 
solution finding”, “The presented concept, procedures 
and tools facilitated better resource planning” and “The 
presented concept, procedures and tools improve 
situation awareness across team members” showed an 
increase in agreement, starting with approximately 
“somewhat agree” for the reference, climbing slightly 
towards “agree” with setup V2.09 always rated higher 
than or as high as V2.04 results. 
The feedback for “The presented concept, procedures 
and tools made savings in terms of human and 
infrastructure resources possible” started with an 
average of “neutral” and slightly increased to 
“somewhat agree” over V2.04 towards V2.09. 
The first four assessment questions of Figure 10 show an 
increase in assessment ability based on increased system 
support from reference via V2.04 towards V2.09 
configuration. Starting around between “neutral” and 
“somewhat agree”, the participants evaluated their 
ability increased towards “somewhat agree” / “agree”. 
These results show that the participants felt to be better 
able to understand and evaluate the weather information 
regarding the anticipated impact on operations - as a 
team and on their own. 
The fifth element “I have confidence in the data 
provided” additionally increases from reference to 
solution (from “somewhat agree” towards a more 
“agree”ish result) and supports the feedback from the 
operators that the solution systems empower them to 
better understand the impact and have a higher 
confidence in the results. The negligible and not 
significant decrease from V2.04 to V2.09 configuration 
is a single feedback answer. 
The final two items follow the expected and observed 
increase-pattern and show that the new systems provide 
more and more trustworthy information. 
Both, human performance related and operational 
feasibility aspects clearly show a positive result, 
showing that the concept under validation is 
operationally feasible, without impacting human 
performance negatively. 
Thus, it can be concluded that the criterion CRT-04.02-
V2-VALP-EXE4-0011 was fulfilled. 
 
Both criteria were considered as achieved and thus the 
indication that the validation objective has been 
achieved is obvious. Nevertheless it is necessary to point 
out that this exercise was one of four in the project and 
the validation objectives are assessed on a holistic 
project scale, this exercise delivering its proof bit. 
Further, the results above are based on an exercise that 
comprised a single team consisting of eight operators 
where training and learn effects need to be considered. 
 
6. Outlook 
 
The PJ.04-02 exercises conducted in the first wave of 
SESAR 2020 were planned as V2 exercises. In order to 
mature the project results further and prepare future 
deployment opportunities, follow up exercises in the 
next maturity level E-OCVM V3 need to be conducted 
in SESAR 2020 Wave 2. Additional work to refine 
aspects of the concept and further detailing and tuning of 
industrial implementations of the prototypes will need to 
correspondingly be conducted. This includes the 
approach taken for this exercise. 
The results and recommendations of the exercise have 
been fed into the corresponding concept document. 
 
Figure 9 Questionnaire results regarding usefulness of provided 
information for resource planning and solution finding  
Figure 10 Questionnaire results on usefulness of MET impact assessment  
F. Piekert, N. Carstengerdes, R. Suikat 
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